In the field of regenerative medicine, cell processing is currently done manually. The process is labor intensive and expensive, and its efficiency must be improved. Automatic cell culture apparatuses equipped with a vertical articulated robot have been proposed recently. However, automating all tasks of cell processing complicates the system constitution. The present study aims to develop a simple and rational cell processing system by combining the tasks performed by a robot with those performed by a human. Herein, we first analyze each task in the cell processing operation, verify whether a task can be efficiently performed by a robot and automated equipment, and decide the combination of the tasks. In a previous paper, we improved the efficiency of the task of discarding spent culture media in a flask by using a robot arm in the media change process. In the present paper, by focusing on the media change process, we examine the efficiency improvement of the task of injecting culture media by using a robot. We propose the configuration of an inspiration/injection port and an algorithm to estimate the start time of injection end motion from the flow rate and conduct a verification experiment. Our results show that a robot can perform the injecting task more efficiently than a human. Moreover, the risk of dripping can be reduced by using a robot.
はじめに

近年，損傷した組織等の修復のために，種々の細胞を移植する試みが行われている．例えば，狭心症，心筋梗 塞などの虚血性心疾患により損傷した心筋組織の修復のために，骨格筋芽細胞，間葉系幹細胞，心筋幹細胞，ES 細胞，iPS 細胞等の利用が試みられている．このような試みの一環として，スキャフォールドを利用して形成し
た細胞構造物や，細胞だけをシート状に形成した細胞シートが開発されてきた (Imamura et al., 2016) ) (中嶋他，2014) Fig. 7 Flow rate of injection. In the case of (A), the flow rate during the injecting motion is constant. In the case of (B), the flow rate decreases with the remaining volume. And the flow rate of tap water is about the same as that of the culture media. Fig. 8 Volume of injection. In the case of (A), since the flow rate is constant, the slope is also constant. In the case of (B), since the flow rate decreases, the slope becomes gentle. And the slope when using tap water is about the same as that when using the culture media. (1) Overall view (2) Enlarged view Calculate volume to start ending motion using ΔT and X% Start ending motion using calculation result Fig. 9 Prediction method. The algorithm predicts the injecting volume( X %) during the period(ΔT) from the start of the injection end motion until the injecting volume does not increase. Number of times Accuracy ±1% Fig. 12 Experimental results of injecting task. The culture media was divided into 6 times, and 75 ml each was injected. The accuracy was within the range of ±1%. . When the inside diameter of the injection port was 3 mm, 4 mm, 5 mm, the accuracy was within the range of ±1%. Table 5 Experimental results of injecting task (Injection port = 3 mm, 4 mm, 5 mm). Even if the inside diameter of the inspiration port was different, the flow rate was the same. As the inside diameter of the injection port increased, the flow rate increased. Table 9 Flow rate and time during injecting motion. Fig. 17 Experimental results when injecting time is fixed. The experiment was conducted with the time of the injecting task fixed at 11.415 seconds. The accuracy was predicted to fall within about ±3 %, but in a case it was more than 10 %. Fig. 18 Range of parameters. The range of ΔT and X was calculated so that it falls within ± 2% which is the same accuracy as the worker. As a result of the experiment, the calculated value and the experimental value almost agreed. An error of ΔT and X can be tolerable about 30% in total. 
